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1.0  INTRODUCTION 

1.1  General 

Over  90,000  km^  of  waterways  are  accessible  for  recreational  boating  in  Ontario, 
providing  a  large  diversity  of  available  boating  landscapes  ranging  from  high  density 
urban  areas,  white  sand  beaches  and  secluded  bays,  to  rugged,  rocky  bluffs,  shores  and 
islands.  These  waterways  are  heavily  used  during  the  peak  boating  season  of  July  and 
August  with  up  to  '*0,000  vessels  present. 

This  large  boating  population  is  comprised  of  sailboats,  power  cruisers  and  house  boats. 
The  house  boats  generally  frequent  the  quiet  waters  of  the  Trent  and  Rideau  Canals  and 
Lake  of  the  Woods.  Sailboats  and  power  cruisers  are  found  in  these  inland  waters  as  well 
as  in  the  open  waters  of  the  Great  Lakes.  The  boats  typically  travel  about  the 
waterways  during  the  daylight  hours  and  seek  out  secluded  anchorages  and  marinas  for 
overnight  accommodation. 

Recreational  boating  has  increased  markedly  in  the  last  few  years  and  is  expected  to 
continue  to  grow  in  popularity.  With  this  increased  boating  pressure  comes  heightened 
concern  from  fisherman,  cottagers  and  others,  for  the  effects  of  this  increased  usage  of 
the  waterways.  Specifically,  concern  has  been  expressed  as  to  the  effects  of  the  direct 
discharge  of  grey  water  from  recreational  boats  to  the  receiving  waters. 

Grey-water  discharges  are  comprised  of  spent  potable/fresh  water  used  for  "household" 
purposes,  including  water  from  galley  sinks,  head  washbasins,  and  showers.  On  power 
cruisers  and  sailboats,  grey  water  from  the  galley  and  head  washbasin  are  typically 
discharged  by  gravity  into  the  waterway  through  a  submerged  hull  outlet.  To  dispose  of 
grey  waters  from  the  shower  sump,  which  is  generally  below  the  waterline,  an  electric  or 
manual  pump  with  an  anti-siphon  loop  is  typically  provided,  connecting  into  the  drain 
pipe  used  for  the  washbasin.  On  houseboats,  all  grey  waters  typically  discharge  through 
drains  to  a  point  just  above  the  waterline. 

Concerns  about  the  increased  boating  activity,  and  hence,  increased  grey- water 
discharges,  relate  not  only  to  the  perceived  contamination  of  the  waterways,  but  also  to 
aesthetic   effects    including   foaming,    particularly   in   the   softer    water    shield   areas. 
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Sensitive  areas  are  notably  in  restricted  waterways  and  embayments  such  as  those  found 
in  the  Trent-Severn  system,  where  boaters  are  in  close  proximity  to  cottagers  and 
permanent  residents.  Inland  waterways  and  bays  may  have  minimal  water  exchange  and 
high  densities  of  boats,  leading  to  more  severe  conditions  than  would  be  found  in  the  open 
waters  of  the  Great  Lakes  and  larger  inland  lakes. 

A  previous  study  into  the  issue  of  grey  water  discharges  from  recreational  vessels  was 
commissioned  by  MOE  (MacLaren  Engineers,  1987).  This  study  drew  several  conclusions 
from  a  literature  review  and  cursory  modelling  study  of  the  effects  of  grey  water 
discharges.  These  included,  among  others: 

1.  "Available  data  on  this  subject  indicate  that  bacterial  pollution  levels  from  grey 
water  discharges  can  exceed  the  safe  limit  for  recreationéd  water  uses  (swimming, 
etc.)  under  certain  high-season  conditions.  Chemical  pollution  levels  are  less 
significant." 

2.  "Recreational  waterway  sensitivity  extends  from  lowest  in  the  Great  Lakes  system 
to  highest  in  a  small  quiet  bay  scenario  involving  maximum  boating  density  in  liigh- 


The  report  also  concluded  that  the  grey  water  from  recreational  boats  could  be  retained 
on-board  but  that  such  a  measure  would  have  the  following  implications: 

p  Increased  boater  costs  for  initial  installation,  and  for  subsequent  pump-outs; 

o  enforcement  enhancement;  and 

o  modification  of   certain  existing  pump-out  facilities   to  accommodate  greater 

loadings,  and  construction  of  new  pump-outs  where  required. 

The  MacLaren  study  recommended  that  a  comprehensive  sampling  and  analysis  program 
be  undertaken  to  identify  the  actual  characteristics  of  the  grey  water  from  Ontario 
recreational  boats  and  to  determine  the  effect  of  the  discharge  of  these  waters  upon  the 
sheltered  embayments  which  these  vessels  frequent. 

The  Ministry  of  the  Environment  commissioned  the  present  study  of  the  grey  water 
discharges  from  recreational  vessels  with  the  following  objectives: 


determine  the  quantity  of  grey  water,  from  each  type  of  fixture,  and  quantity  of 
blackwater  produced  aboard  3  types  of  boats  -  a  sailboat,  houseboat  and  power 
cruiser; 

collect  samples  of  grey  water  from  each  fixture  type  on  each  of  the  3  boats  to 
determine  bacterial  characteristics; 

analyse  receiving  water  at  peak  times  of  grey  water  discharge  to  determine 
bacterial  characteristics; 

evaluate  the  environmental  significance  of  grey  water  discharges  in  areas  of 
greatest  recreational  boating  density; 

survey  the  pump-out  stations  in  5  well-known  areas  to  determine  the  capacity  of 
the  facilities  to  accept  enhanced  amounts  of  sewage. 
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2.0  STUDY  DESIGN 

This  section  describes  in  detail  the  work  plan  of  the  project  according  to  the  three  main 
activities  of  on-board  grey  water  sampling,  instream  sampling,  and  the  survey  of 
pumpxDut  facilities. 

2.1  On-board  Sampling 

The  range  of  possible  types  of  pleasure  craft  capable  of  generating  grey  water  discharges 
is  broad  and  includes  any  type  of  craft  with  any  of  the  following  fixtures:  galley  sink, 
head  sink,  and  head  shower.  For  the  purposes  of  the  present  study  three  "generic"  types 
of  boats  were  considered  each  having  a  shower,  a  head  sink,  and  a  galley  sink.  These 
were  a  power  cruiser,  a  sail  boat  ,  and  a  houseboat. 

Quantification  of  the  loading  of  grey  water  from  each  type  of  boat  required  an  on-board 
sampling  program  to  measure  both  the  bacterial  concentration  in  grey  water  and  the 
corresponding  volume  of  grey  water  produced.  It  is  well  established  that  bacterial 
concentration  measurements  can  be  highly  variable,  hence  measurement  programs  must 
contain  a  sufficient  number  of  samples  to  allow  for  statistically  significant  testing  of 
results.  Accordingly  the  sampling  program  established  for  this  study  was  designed  to 
provide  an  appropriate  number  of  samples  and  associated  quality  control  tests  to  allow 
for  a  rigorous  evaluation  of  the  results. 

The  on-board  sampling  program  was  designed  to  ensure  that  the  samples  collected  were 
representative  of  the  "boaters  lifestyle".  This  required  that  the  boats  be  operated  by 
crews  representative  of  the  most  probable  types  of  boat  operators  and  that  conditions  on 
board  be  maintained  as  closely  as  possible  to  typical  conditions  encountered  on-board 
pleasure  boats.  The  locations  chosen  for  boat  operation  were  limited  by  the  requirement 
of  being  able  to  deliver  the  grey  water  samples  to  the  laboratory  for  analysis  not  more 
than  21*  hours  following  collection.  Given  the  above  constraints  and  the  further 
constraint  of  finding  available  boats  of  the  required  type  with  the  required  grey  water 
fixtures  limited  the  geographical  scope  of  the  study  area  to  Southern  Georgian  Bay  and 
the  Trent  System  between  Port  Severn  and  Peterborough. 
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To  provide  the  required  range  of  lifestyle  on  each  type  of  boat  three  crews  were  used  per 
boat  for  a  total  of  9  individual  crews.  The  range  of  crew  types  included  single  couples, 
two  couples,  groups  of  k  singles,  couples  with  babies,  and  couples  with  young  children. 
Through  several  discussions  between  Beak  project  staff  and  MOE  personnel  the  following 
sampling  schedule  was  developed: 


Boat  type 


Duration 
of  Charter 


Crew  No. 


Type  of  Crew 


No.  of  "normal" 
Samples  Taken  (1) 


Houseboat 


21  days 


Power  cruiser 


Sailboat 


21  days 


IS  days 


1 

2  couples 

24 

2 

1  couple  with 
1  child 

2it 

3 

2  couples  with 
2  children 

2k 

t 

1  couple  with 

2  children 

2tt 

5 

U  singles 

2* 

6 

1  couple 

21* 

7 

2  couples 

2k 

8 

k  singles 

2H 

9 

2  couples 

2k 

1.      "Normal"  samples  were  collected  from  each  of  the  shower,  head  sink,  and  galley  sink 
twice  daily,  once  in  the  morning  and  again  in  the  evening. 

Each  of  the  sailboat  crews  were  on-board  for  5  consecutive  days,  each  of  the  powerboat 
and  houseboat  crews  were  on-board  for  6  consecutive  days.  For  each  type  of  boat  and 
for  each  crew,  samples  were  collected  over  consecutive  k  day  periods.  The  overall 
sampling  period  spanned  the  interval  from  27  3uly  1987  through  to  1^*  August  1987.    On 
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all  boats  the  Internal  plumbing  was  modified  to  allow  collection  of  the  samples  from  the 
standard  piping  at  a  point  prior  to  discharge. 

Each  of  the  samples  was  collected  into  a  pre-sterilized  Nalgene  bottle  with  5  litre 
capacity  for  the  head  and  galley  sinks  and  10  litre  capacity  for  the  shower.  With  the 
exception  of  the  volume  of  water  used  by  some  crew  members  during  showering,  these 
bottle  sizes  allowed  virtually  the  complete  contents  of  the  various  fixtures  to  be 
captured.  A  sub-sample  for  bacterial  analysis  was  taken  out  of  each  Nalgene  bottle  into 
a  pre-sterilized  100  ml  glass  bottle.  All  samples  were  stored  on  ice  while  on  board  the 
boats  and  during  transportation  to  the  laboratory.  Samples  were  picked  up  from  the 
boats  and  delivered  to  the  laboratory  on  each  day  of  sampling. 

In  addition  to  the  samples  taken  as  described  above,  two  extra  100  ml  sub-samples  for 
on-board  quality  control  checks  were  taken  during  one  of  the  morning  sampling  periods  of 
each  crew  on  each  boat  for  each  fixture.  To  evaluate  the  effect  of  the  galley  sink  piping 
special  samples  of  the  galley  sink  contents  prior  to  release  and  from  the  boat  piping  as 
normally  sampled  were  taken  once  by  each  of  the  first  2  crews  on  each  boat. 

This  on-board  sampling  program  generated  216  normal  samples,  12  special  samples,  and 
5^  quality  control  samples  for  a  total  of  282  samples. 

Grey  water  generation  and  overall  fresh  water  use  was  monitored  on  board  each  boat  by 
recording  the  volume  of  fresh  water  used  at  the  time  of  each  fresh  water  tank  filling. 
This  was  accomplished  using  a  calibrated  positive  displacement  totalizing  water  meter 
similar  to  those  used  to  meter  domestic  water  use.  Black  (toilet  waste)  water  generation 
was  estimated  by  measuring  the  capacity  of  the  waste  holding  tank  in  each  boat  and 
recording  the  frequency  of  pumpouts.  As  a  check  on  this  system  for  black  water 
estimation  a  system  of  pumping  the  black  water  into  a  graduated  55  litre  carboy  was 
used. 

2.2  In-stream  Sampling 

The  objective  of  the  in-stream  sampling  program  was  to  determine  the  local  effects  of 
greywater  discharges  from  pleasure  boats  by  monitoring  bacterial  water  quality  and  boat 
density  in  sheltered  embayments  with  limited  water  exchange  and  minimal  external 
influences. 

UIOUA  2.3 


To  achieve  this  objective  three  sheltered  embayments  were  selected:  two  on  southern 
Georgian  Bay  (Figure  2.1),  and  one  on  the  central  Trent  Canal  (Figure  2.2).  These 
general  locations  were  chosen  because  of  the  large  number  of  recreational  boaters 
frequenting  the  bays  and  coastal  areas,  the  large  number  of  sheltered  embayments,  and 
the  historical  concerns  over  deteriorating  water  quality  particularly  in  the  Trent  Canal 
system.  From  a  logistical  perspective  these  areas  were  also  ideal  as  samples  could  be 
picked  up  and  delivered  to  the  Toronto  laboratory  for  analysis  within  24  hours  of 
collection. 

Theoretically,  the  objectives  of  this  component  of  the  study  could  best  be  met  if  the 
selected  embayments  were  small  in  volume,  completly  free  of  bacterial  inputs  other  than 
from  recreational  boating,  and  had  limited  exchange  flow  with  the  surrounding  water. 
This  combination  of  physical  factors  together  with  a  high  density  of  boats  would 
maximize  the  probability  of  detecting  a  deterioration  in  bacterial  water  quality  due  to 
recreational  boating.  However,  practical  considerations  limited  our  selection  of 
candidate  embayments.  Most  of  the  study  area  hcis  extensive  shore  line  development 
with  its  associated  bacterial  sources,  and  open  channels  allowing  both  safe  boat  traffic 
and  large  volume  exchange  with  surrounding  waters. 

Following  several  discussions  on  likely  candidate  sites  with  MOE  regional  staff.  Parks 
Canada  personnel,  and  MNR  regional  staff,  the  following  three  areas  were  selected  for 
study: 

Lost  Bay  Georgian  Bay  Islands  National  Park 

Beausoliel  Island 

Frying  Pan  Bay  Georgian  Bay  Islands  National  Park 

Beausoliel  Island 

Blind  Channel  Trent-Severn  Waterway 

Pigeon  Lake 

Samples  were  collected  from  10  pre-selected  locations  within  each  bay  and  at  one 
control  point  outside  of  each  bay.  Collections  were  made  morning  and  evening  on  three 
consecutive  days  over  two  weekends  during  the  summer  of  1987  (August  1,2,3;  August 
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FIGURE  2.1 

Southern  Georgian  Bay 
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8,9,10)  for  a  total  of  396  regular  samples.  An  additional  two  quality  control  samples 
were  collected  from  each  sampling  site  in  each  bay  in  the  morning  on  August  2  and  again 
on  August  9  for  an  additional  132  samples.  During  each  sampling  period  the  number  and 
type  of  boats  in  each  of  the  embayments  were  noted  according  to  the  following 
classifications: 

Type  Presumed  Grey  Water  Fixtures 

Sailboat  A  Head  and  galley  sinks,  shower 

Sailboat  B  Head  and  galley  sinks 

Houseboat  Head  and  galley  sinks,  shower 

Power  cruiser  A  Head  and  galley  sinks,  shower 

Power  cruiser  B  Head  and  galley  sinks 

Runabout  Galley  sink 

During  each  day  of  sampling  drift  drogues  with  vane  depths  of  1  metre  were  placed  in  the 
entrance  channels  of  each  embayment  to  qualitatively  assess  exchange  flow.  The 
progress  of  the  drogues  into  or  out  of  the  embayments  and  the  elapsed  time  of  movement 
were  noted.    Water  temperature  and  general  weather  conditions  were  also  noted. 

2.3  Bacteriological  and  Chemical  Characterizations 

All  samples  were  stored  on  ice  after  collection  and  were  transported  to  Toronto  for 
analysis  within  8  to  24  hours.  The  schedule  of  analysis  and  laboratory  procedures  were 
specified  by  MOE  in  the  Study  Terms  of  Reference.  The  salient  points  are  reproduced 
below. 

Each  sample  was  analysed  for  fecal  coliforms,  E.  coli,  and  Pseudomonas  aeruginosa.  In 
addition,  the  first  three  on-board  grey  water  samples  from  each  fixture  on  each  boat 
were  analysed  for  the  following  parameters: 

Fecal  streptococci, 
Total  phosphorus  (as  P), 
Soluble  phosphorus  (as  P), 
Total  solids, 
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Suspended  solids, 

BOD3, 

Total  organic  carbon, 

Chemical  oxygen  demand, 

Ammonia  (as  N),  and 

Total  kjeldahl  nitrogen  (as  N). 

Laboratory  procedures  for  the  analysis  of  fecal  coliforms,  Pseudomonas  aeruginosa  and 
fecal  streptococci  were  in  accordance  with  the  procedures  specified  in  MOE's  "Handbook 
of  Analytical  Methods  for  Environmental  Samples"  ("HAMES").  Laboratory  procedures 
for  E.  coli  followed  the  procedure  outlined  in  the  Study  Terms  of  Reference. 
Verification  of  E.  coli  by  isolation  and  identification  of  presumptive  target  colonies  was 
completed  on  the  first  6  on-board  grey  water  samples  per  boat  per  fixture. 

In  addition  to  the  samples  collected  for  analysis  which  included  in-field  quality  control 
samples  as  described  in  sections  2.2  and  2.3  above,  in-lab  quality  control  replicate 
bacteriological   analyses  were  performed  on  a  minimum  5  percent  of  the  samples. 

2A         Marina  Pumpout  Capacity  Survey 

A  survey  of  excess  pumpout  capacity  was  undertaken  to  assess  the  reserve  capacity 
available  within  the  existing  pumpout  network  should  MOE  elect  to  regulate  the  disposal 
of  grey  water  in  the  same  manner  as  black  water.  There  are  approximately  380  pumpout 
facilities  within  the  province.  For  the  purposes  of  the  present  study,  five  areas  were 
selected  for  the  survey.  These  were  as  follows: 

Number  of  Pumpout 
Region  Facilities 

1  Trent  System  -  Peterborough  to  Rosedale  32 

2  Kingston  area  and  Rideau  System  23 
-  Kingston  to  Smith  Falls 

3  Georgian  Bay  -  Penetanguishene  to  Honey  Harbour  22 
U  Toronto  area  -  Bronte  to  Oshawa  27 
5       Lake  of  the  Woods  -  M  or  bon  to  Keewatin  lit 

lis 
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With  the  exception  of  the  Lake  of  the  Woods  area  which  was  surveyed  by  telephone,  each 
of  the  other  areas  was  surveyed  by  site  visits.  Those  facilities  in  areas  1  through  U  which 
could  not  be  located,  or  where  personal  interviews  were  not  possible  were  followed  up  by 
telephone  contact.  In  all  cases  a  questionnaire  identical  in  form  to  the  sannple  presented 
in  Figure  2.3  was  completed.  The  data  compiled  from  the  questionnaires  were  analysed 
for  residual  capacity  and  difficulties  which  might  be  encountered  with  increased  demand. 
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SAMPLE  QUESTIONNAIRE 
SURVEY  OF  PUMPOUT  STATIONS 


Site  Visit: 
Telephone: 


Name: 
Location: 


Contact: 


Telephone; 


Pumpout  Capacity: 
(Volume  +  //  Tanks) 


Number  of  boats  serviced  at  a  time: 


Any  access  problems: 


Disposal  method  from  holding  tanks: 
(haul  by  truck,  septic  tank,  leach  bed) 


Anticipated  problems  in  providing  more  frequent  removal/disposal  from  holding  tanks: 


Other  comments/remarks: 


FIGURE  2.3 


3jd       results  and  discussion 

3.1  Grey  Water  Sampling 

3.1.1  General 

The  sampling  onboard  the  three  boats  was  carried  out  by  intercepting  the  flow  from  the 
head  sink,  the  galley  sink  and  the  shower  prior  to  discharge  overboard.  Samples  were 
collected  twice  daily,  in  the  morning  and  evening  and  were  shipped  to  the  laboratory  for 
analysis  within  2U  hours.  All  samples  were  analysed  for  fecal  coliform,  E.  coii  and 
Pseudomonas  aeruginosa.  A  limited  number  of  samples  collected  early  in  the  sampling 
program  were  also  analysed  for  fecal  streptococcus.  Approximately  22%  of  the  samples 
were  duplicated  to  provide  a  quality  assurance  data  set.  The  results  of  the  analyses  are 
presented  in  Appendix  A  and  summarized  in  Tables  3.1  (by  boat)  and  3.2  (by  fixture). 

3.1.2  Grey  Water  Data  Analysis 

The  analysis  of  the  data  from  the  boats  was  intended  to  determine  differences  in  the 
characteristics  of  the  grey  water  based  upon  different  crews,  different  fixture  types  and 
different  boat  types.  To  accomplish  this,  the  data  were  first  reviewed  visually  in  tabular 
and  graphical  form  where  appropriate  and  then  subjected  to  various  Analysis  of  Variance 
statistical  tests. 

The  geometric  mean  of  the  fecal  coliform  densities  varied  from  10  to  10^  organisms  per 
100  ml  over  the  entire  data  set.  The  galley  sink  water  appeared  to  have  the  highest 
density  of  the  three  fixtures  with  values  in  the  10'  organisms  per  100  ml  range. 
Densities  in  the  head  sink  were  found  to  be  in  the  10-^  to  10'  organisms  per  100  ml  range 
and  the  shower  waters  ranged  from  lO**  to  10'  organisms  per  100  ml.  These  values 
exhibit  good  agreement  with  the  values  reported  by  MacLaren  (1986)  in  their  review  of 
the  literature.  In  fact,  the  values  reported  by  MacLaren  for  black  water  are  occasionally 
less  than  the  grey  water  values  found  here. 

The  variation  in  densities  between  fixtures  and  between  boats  is  not  distinct.  Box  plots 
of  the  results  indicate  some  overlap  in  the  measured  ranges  due  to  the  large  variances 
and  that  any  differences  between  the  fixtures,  crews  or  boats  may  be  incidental  (Figures 
3.1  to  3.2). 
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FIGURE  3.1 

FECAL  COLIFORM  RESULTS 
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FIGURE  3.2 

ESCHERICHIA  COLI  RESULTS 
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As  expected,  the  reported  E_^  coli  densities  were  slightly  less  than  the  fecal  coliform 
densities.  The  E.  coli  data  exhibited  the  same  general  trend  as  the  fecal  coliforms  data 
with  the  galley  sink  water  having  the  highest  apparent  density  and  the  shower  water 
being  the  lowest  (Figure  3.2).  As  in  the  case  of  the  fecal  coliforms  data,  the  differences 
between  the  various  fixtures  and  boats  was  not  distinct. 

Pseudomonas  aeruginosa  (P  aeruginosa)  is  an  opportunistic  pathogen  which  is  known  to 
cause  eye  and  ear  infections  in  swimmers.  The  densities  measured  in  the  grey  waters 
(10^  to  10^  organisms  per  100  ml)  represent  high  values  when  compared  to  normally 
occurring  environmental  densitities  which  are  typically  less  than  50  organisms  per  100 
ml.  Visual  inspection  of  the  _P  aeruginosa  results  did  not  suggest  any  relationship  among 
the  various  factors  identified  above  for  the  other  two  species  (Figure  3.3). 

The  onboard  sampling  program  was  designed  to  determine  the  effects  of  three  factors  on 
grey  water  quality:  typje  of  boat  (house,  power,  sail),  crew  lifestyle,  fixture  type 
(shower,  head  sink,  galley  sink).  As  discussed  above,  crews  were  chosen  to  represent  a 
variety  of  lifestyles  from  families  with  young  children  to  groups  of  adults.  However, 
unlike  the  differences  in  boats  and  fixtures  which  are  physically  distinct,  crew  types  are 
less  easily  defined  due  to  the  continuum  of  lifestyles.  The  variability  in  greywater 
quality  due  to  crew  type  may  mask  the  effects  of  boat  type  and  fixture  type. 

To  account  for  the  effects  of  all  the  variables  in  the  design  of  the  study,  the  grey  water 
quality  data  were  subjected  to  a  sequence  of  nested  ANOVA  analyses  in  which  the 
variability  of  the  data  was  partitioned  amongst  the  design  variables  (boats,  crews  and 
fixtures).  In  all  cases  the  data  were  log  transformed  and  the  effects  of  the  design 
variables  were  tested  for  statistical  significance  at  the  95  percent  confidence  level. 

This  procedure  is  designed  to  determine  which,  if  any,  of  the  above  three  factors 
contributed  significantly  to  the  variability  of  the  data  set.  By  implication  significant 
factors  might  be  considered  for  regulatory  action  if  the  discharge  to  the  receiving  water 
is  found  to  be  harmful.  Tests  were  carried  out  on  the  fecal  coliform  values  only  since 
these  are  at  present  the  bacteriological  water  quality  indicators  in  the  MOE  "Blue  Book" 
for  water  used  for  recreational  purposes. 
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FIGURE  3.3 

PSEUDOMONAS  AERUGINOSA  RESULTS 
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Results  of  the  ANOVA  analysis  indicated  that  variations  in  grey  water  quality  between 
crews  within  boats  were  significant.  Thus,  crew  selection  could  have  confounded 
observed  effects  of  boats  and  fixtures.  While  contributing  significantly  to  the  variability 
of  the  data,  the  lifestyle  of  the  crews  is  a  factor  which  is  beyond  regulatory  control.  The 
analysis  further  showed  that  there  was  a  significant  interaction  between  boats  and 
fixtures  with  no  single  worst  fixture  or  worst  boat  type.  To  iliucidate  this  interaction,  a 
series  of  one  way  analyses  was  performed. 

The  results  of  the  one  way  comparisons  between  fixtures  for  each  boat  indicated  that  in 
the  houseboat  and  the  power  boat,  the  galley  sink  exhibited  the  highest  population 
density.  In  the  sail  boat  the  densities  in  all  three  fixtures  were  not  significantly 
different.  These  results  suggest  that  although  the  galley  sink  may  be  the  largest 
contributor  on  some  boat  types,  the  trend  is  not  constant  across  boats.  Similarly,  the 
relationship  between  the  densities  of  the  fecal  coliforms  in  the  head  sink  and  the  shower 
does  not  exhibit  a  constant  pattern. 

The  results  of  the  one-way  comp>arisons  between  boats  for  each  fixture  indicated  that  the 
galley  sink  bacterial  densities  were  highest  in  the  house  boat,  with  power  and  sail  boats 
following  in  that  order.  However,  for  the  head  sink,  the  house  boat  densities  were  found 
to  be  highest,  with  the  sail  boat  and  the  power  boat  following  in  that  order.  No 
significant  difference  was  found  among  boats  in  the  densities  exhibited  by  shower  water. 

The  log  (10)  mean  fecal  coliforms  density  across  all  boats  and  fixtures  was  Llh,  the 
corresponding  log  (10)  variance  was  1.20. 

3.1.3       Water  Usage 

To  determine  the  effects  of  pollutants  on  the  receiving  water,  it  is  necessary  to 
determine  the  loading  of  the  contaminants  discharged.  For  loading  calculations,  both 
concentration  and  flow  data  are  required.  This  project  included  a  component  to 
determine  the  fresh  water  usage  on  the  three  pleasure  boats  studied. 

In  general,  it  may  be  assumed  that  all  of  the  water  supplied  to  the  boat  is  eventually 
discharged  as  grey  water,  since  losses  due  to  drinking  and  cooking  are  minimal. 
Therefore,  by  measuring  the  volume  of  the  water  supplied,  the  total  amount  of  grey 
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water  produced  can  be  estimated.  This  was  done  using  a  portable  water  meter  connected 
to  the  supply  hose  during  filling.  Records  were  maintained  by  each  of  the  crews  on  the 
volume  of  water  supplied  to  the  on  board  tanks  during  the  period  of  the  study. 

Water  use  data  were  collected  by  each  of  the  crews  on  the  boats.  Considerable  variation 
in  the  water  use  was  observed  with  the  houseboat  showing  the  lowest  per  capita  usage  in 
relation  to  the  power  and  sail  boats  (Table  3.3).  This  may  be  attributable  to  either  the 
lifestyles  of  the  crews,  but  is  more  likely  the  result  of  limited  water  availability  due  to 
small  water  tanks  on  the  houseboat  used  in  the  study.  The  actual  volume  of  the  tank  was 
not  available  but  supply  was  sufficiently  limited  to  warrant  one  crew  using  purchased 
water  in  separate  containers.  Typical  houseboat  water  use  may  therefore  be  higher  than 
reflected  in  Table  3.3.  Based  on  lifestyle  considerations,  BEAK  believes  that  a  value  of 
21  litres  per  person  per  day  would  be  more  typical  for  this  type  of  boat. 

Difficulties  encountered  with  the  equipment  designed  for  the  determination  of  the  black 
water  volumes  prevented  the  collection  of  quantitative  data  on  the  volume  of  black 
water  used  on  the  boats  by  direct  measurement.  However,  using  pumpout  frequencies, 
holding  tank  volumes  and  numbers  of  persons  on  board,  an  average  black  water 
generation  rate  of  10  litres  per  person  per  day  was  estimated.  Based  on  these  results, 
the  rate  of  grey  water  production  is  in  the  range  of  1.5  to  2  times  the  rate  of  black  water 
production. 

3.1.^;       Grey  Water  Chemical  Characteristics 

Samples  collected  from  the  boat  fixtures  were  analysed  for  nine  chemical  and 
biochemical  parameters  to  determine  the  concentrations  of  conventional  contaminants 
and  nutrients  in  the  grey  water  (Table  3A). 

In  summarizing  the  results,  arithmetic  means  were  calculated  for  the  boats  and  the 
fixtures  (Table  3.5).  It  is  clear  from  the  values  shown  in  the  table  that  the  grey  water 
contains  high  concentrations  of  total  and  suspended  solids,  ammonia,  total  Kjeldahl 
nitrogen  and  the  phosphorus  species  when  compared  with  the  concentrations  typically 
observed  in  raw  domestic  sewage.  These  high  concentrations  are  commensurate  with  the 
fact  that  water  use  is  reduced  on  pleasure  boats  because  of  the  limited  supply  and 
because   there  is   less   to  no  dilution   water   from   other   household   sources.     It  is  also 
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TABLE  3.3: 


FRESH  WATER  USAGE  RESULTS 
(litres/person/day) 


Crew 


House 
Boat 


Power 

Boat 


Sail 

Boat 


4.8 


13.1 
31.8 


13.3 


6.9 


20.1 


19.9 


Mean 


5.9 


21.7 


16.6 


TABLE  3.4: 

GREY  HATER  CHEMICAL  CHARACTERIZATION 

Sample 

Total 

Soluble 

Total 

Suspended 

Locatior 

Phosphorus 

Phosphorus 

Solids 

Solids 

80D5 

COD 

TOC 

Ammo  Î"  a- 

•  •,   -KN 

(mg/1 ) 

(mg/1 ) 

(mg/1) 

(mg/1  ) 

(mg/1^ 

(mg/1 ; 

(mg/1  ) 

(mc  ■'■ 

mg  ■: 

SAILBOAT 

GALLETSINr 

: 

0.26 

710 

100 

180 

1320 

175 

0.03 

6.3 

GALLEYSINK 

3.7 

3.2 

870 

116 

300 

1105 

200 

7.15 

46 

GALLEYSINt; 

1.12 

0.83 

2100 

61 

168 

520 

140 

0.07 

13.1 

HEADSINIC 

1.015 

0.65 

400 

74.5 

120 

250 

30 

0.02 

4.5 

HEADSINK 

0.64 

0.35 

270 

140 

32 

350 

21 

0.01 

2. S 

HEACSINK 

1.65 

1.09 

350 

210 

60 

230 

35 

0.1! 

6!9 

SHOWER 

0.194 

0.004 

330 

142 

41 

330 

9 

5.9 

SHOWER 

0.3 

0.005 

290 

146 

21 

345 

10 

0.53 

2.9 

SHOWER 

0.49 

0.005 

510 

148 

9.9 

920 

70 

1.17 

9.3 

MEAN  CONC. 

1.12 

0.71 

647.78 

126.39 

103.54 

596.67 

76.67 

1.34 

'.C.52 

STANDARD  ERROR 

OF  MEAN 

0.336 

0.318 

182.674 

14.074 

30.505 

128.714 

23.5£3 

C.750 

4.255 

POWERBOAT 

GALLEYSINK 

8.6 

6.3 

3800 

2300 

1360 

2600 

1330 

21 

5: 

HEADSINK 

1.18 

0.76 

5800 

138 

120 

340 

73 

O.OI 

6.5 

SHOWER 

1.38 

1.02 

305 

37 

42 

117.6 

22 

9.9 

17.4 

GALLEYSINK 

27 

27 

2600 

520 

920 

2100 

1100 

35 

172 

HEADSINK 

0.98 

0.35 

620 

220 

230 

390 

100 

0.03 

5.2 

SHOWER 

5.45 

4.3 

650 

330 

129 

550 

50 

2.9 

23/22 

GALLEYSINK 

24 

25 

3300 

2000 

1090 

3700 

880 

2.5 

9: 

HEADSINK 

1.72 

1.1 

660 

380 

220 

650 

180 

0.01 

16.8 

SHOWER 

8.3 

5.9 

530 

106 

102 

290 

70 

90 

9D 

MEAN  con:. 

8.73 

7.97 

2029.44 

670.11 

468.11 

1193.06 

422.78 

17.93 

49.88 

STANDARD  ERROR 

OF  MEAN 

3.139 

3.293 

611.400 

268.795 

159.337 

402.771 

164.81 

9.287 

ia.'.3e 

HOUSEBOAT 

GALLEYSINK 

16.3 

15.1 

4100 

570 

2600 

4000 

!92C 

i 

'.r 

GALLEYSINK 

2.4 

1.66 

670 

188.5 

590 

620 

345 

0.1 

23 

HEADSINK 

0.038 

0.014 

148 

11.5 

60 

67 

7 

0.05 

C.3i 

HEADSINK 

0.38 

0.005 

610 

280 

140 

650 

50 

13.7 

33 

SHOWER 

0.112 

0.004 

210 

17.6 

12.4 

87 

13.5 

2 

8.7 

SHOWER 

0.86 

0.24 

650 

290 

430 

760 

190 

3.2 

24 

GALLEYSINK 

14.4 

13.9 

7700 

2800 

410 

8900 

6100 

'22 

1:5 

HEADSINK 

4.1 

2.4 

1390 

830 

320 

850 

320 

0.05 

t-i 

SHOWER 

0.27 

0.126 

510 

182 

69 

470 

68 

C.72 

e'.l 

MEAN  CONC. 

4.32 

3.72 

1776.44 

574.40 

514.60 

1822.67 

1001.50 

5.09 

44.68 

STANDARD  ERROR 

OF  MEAN 

2.015 

1.942 

795.046 

274.783 

253.574 

913.891 

629.857 

2.407 

16.913 

important  to  consider  that  the  values  quoted  in  the  table  for  domestic  sewage  are 
indicative  of  the  observations  at  the  inlet  to  a  sewage  treatment  plant  and  therefore  are 
inclusive  of  dilution  by  infiltration  and  industrial  sources. 

The  significance  of  these  concentrations  on  the  receiving  waters  can  be  determined  by 
identifying  the  loading  which  might  be  expected  from  boats.  Using  an  assumed  split  of 
water  use  by  fixture  and  estimates  of  the  water  use  on  each  of  the  types  of  boats,  the 
daily  loading  of  each  contaminant  was  calculated.  These  loadings  were  seen  to  be  quite 
low  and  typically  amount  to  less  than  0.1  kilograms  per  day  (Table  3.6). 

3JZ         Instream  Sampling 

3.2.1       General 

The  program  of  receiving  water  sampling  carried  out  in  this  study  was  designed  to 
quantify  the  effects  of  grey  water  discharges  to  the  selected  embayments  (Chapter 
2.0).  The  sampling  locations  were  chosen  because  of  their  enclosed  geography  and  their 
probable  use  by  recreational  boats.  Agencies  (MOE,  MNR,  Parks  Canada)  with  knowledge 
of  the  locally  popular  anchorages  in  the  South  Georgian  Bay  and  Central  Trent  Canal 
areas  were  consulted  for  assistance  in  selecting  the  sites. 

Two  sites  in  Southern  Georgian  Bay  and  one  site  in  the  Trent  system  were  selected.  In 
Georgian  Bay  both  sites  (Frying  Pan  Bay  and  Lost  Bay)  were  located  on  the  northern  end 
of  Beausoleil  Island,  approximately  20  kilometers  from  Midland  (Figure  2.1).  Each 
embayment  is  enclosed  by  headlands  and  is  surrounded  by  essentially  undeveloped  land 
(Lost  Bay  has  some  limited  cottage  development  on  the  western  head  land).  The  Trent 
Canal  site  (Blind  Channel  -  Figure  2.2)  was  chosen  based  on  information  which  indicated 
that  it  was  frequently  used  as  an  anchorage  by  passing  houseboats  and  because  of  its 
proximity  to  a  boat  launching  site.  The  surrounding  land  was  mainly  agricultural  or 
undeveloped. 

3.2.2      Sample  Collection 

As  discussed  in  Section  2.0  samples  were  collected  on  a  pre-deter mined  schedule  at  each 
of  the  instream  sampling  locations.    Samples  were  collected  in  the  morning  and  evening 
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Saturday,  Sunday  and  Monday  on  two  weekends.  One  of  these  weekends  coincided  with 
the  August  1  long  weekend  and  reflected  a  high  boat  traffic  situation.  The  second 
weekend,  August  8,  could  be  considered  a  normal  summer  period  weekend  for  boat 
traffic. 

Samples  were  collected  from  the  water  surface  at  a  depth  of  approximately  1  metre 
from  10  stations  located  over  the  entire  area  of  the  embayments.  In  addition,  a 
background  location  was  selected  away  from  the  anchorage  area  so  that  the  unaffected 
bacterial  density  could  be  determined. 

Drogues  were  deployed  during  the  sampling  events  to  identify  the  presence  of  currents. 
In  all  three  embayments  the  drogue  behaviour  indicated  the  presence  of  low  velocity 
currents  but  significant  exchange  flow  relative  to  the  volumes  of  the  embayments. 

The  number  of  boats  of  each  variety  was  enumerated  during  each  sampling  event  and  is 
presented  in  Table  3.7.  Unfortunately  it  was  not  possible  to  determine  the  presence  of  a 
shower  fixture  by  visual  external  inspections,  hence  sailboats  and  power  boats  were  not 
distinguished  between  types  A  and  B.  The  table  shows  that  boat  usage  of  Blind  Channel 
was  relatively  light  when  compared  to  Lost  Bay  and  Frying  Pan  Bay.  As  expected,  all 
three  locations  in  the  second  weekend  of  sampling  were  less  heavily  used  than  the  first. 

3.2.3       Data  Analysis 

The  instream  bacterial  population  densities  were  determined  on  the  samples  collected  in 
each  of  the  sampling  events  for  fecal  coliform,  E.  coli  and  Pseudomonas  aeruginosa 
(Appendix  A).  To  characterize  the  water  quality  of  each  of  the  embayments  during  each 
of  the  sampling  events,  the  geometric  mean  of  the  bacterial  densities  from  all  10 
embayment  sampling  points  was  used.  It  is  standard  practice  to  use  a  geometric  mean 
since  bacterial  data  is  log  normally  distributed.  In  this  way  a  single  number  was 
generated  for  use  in  subsequent  analyses  of  the  embayment  data  (Table  3.S).  Also  in  the 
table  are  the  values  of  the  bacterial  densities  found  at  the  background  locations  near  the 
embayments.  In  general,  these  locations  were  chosen  to  be  largely  unaffected  by  the 
water  quality  of  the  embayment  being  sampled  or  any  other  anthropogenic  sources  of 
bacteria. 
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TABLE  3.8: 


EMBAYMENT  BACTERIAL  ANALYSES 


Blind  channel 


FECAL  COLIFORM 


E.COU 


P.  AERUGINOSA 


Geometric 

Geometric 

Geointric 

Éveni  Mo. 

Mean 

Background 
ill/ 100  m[) 

Mean 

Background 
(WlOOml) 

Mean 

Background 

(/Ï/IOO  ml) 

(ff/lOOml) 

((//lOO  ml) 

1.0/100  ml) 

1 

2 

2 

1 

1 

2 

SO 

1 

1 

1 

3 

1 

1 

1 

I 

II 

76 

70 

I 

1 

5 

2 

2 

1 

1 

6 

36 

26 

1 

1 

7 

2 

2 

1 

1 

S 
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1 

1 

1 

9 

1 

1 

2 

1 

10 

1 

1 

1 

1 

11 

2 

2 

1 

1 

12 

2 

2 

1 

2 

FRYING  PAN  BAY 

1 

51 

4 

17 

1 

}« 

9 

163 

1 

81 

I 

37 

«8 

293 

2 

108 

1 

89 

«1 

189 

2S 

45 

28 

21 

«4 
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10 

71 

10 

16 
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29 

20<( 

20 

9 

1 

50 
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29 
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90 
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« 
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10 

75 

4 

21 
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60 

11 

6H 

6 

21 

2 

328 

1,180 

I? 

S9 

34 

44 

15 

88 

220 

LOST  BAY 

I 

7 

2 

4 

2 

23 

2 

2 

7 

2 

3 

2 

49 
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2 

74 
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34 
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14 
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57 
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The  results  of  the  embayment  sampling  were  plotted  along  with  the  number  of  boats  in 
the  embayments  at  the  time  of  the  sampling,  to  determine  the  possibility  of  simple 
statistical  relationships  between  the  various  bacteria  and  the  number  of  boats  (Figures 
3.4  to  3.9).  In  Blind  Channel  there  appears  to  be  no  relationship  between  the  number  of 
boats  and  the  bacterial  densities  for  any  of  the  species  tested.  The  density  values  were 
low  and  the  background  station  values  were  erratic  for  the  fecal  and  E.  coli  densities. 

In  Frying  Pan  Bay  the  densities  for  fecaJ  coliform  at  times  exceeded  the  MOE  Blue  Book 
recreational  water  quality  guideline  of  100  organisms  per  100  ml  on  a  series  of  samples. 
The  highest  values  were  found  when  many  boats  were  present  and  therefore  a 
relationship  is  suggested.  Similarly,  a  relationship  appears  likely  for  the  E.  coli  densities 
and  the  number  of  boats.  This  could  be  expected  since  E^  coli  frequently  behave 
similarly  to  fecal  coliform.  In  the  case  of  both  species  however,  the  background 
densities  drifted  markedly  making  it  difficult  to  draw  any  definitive  conclusion. 

The  fecal  and  E.  coli  densities  in  Lost  Bay  behave  in  a  similar  fashion  to  those  in  Frying 
Pan  Bay,  especially  during  the  first  weekend.  In  addition,  in  Lost  Bay  the  Pseudomonas 
aeruginosa  densities  suggest  a  relationship  until  the  wide  variation  in  the  background 
station  is  considered.  The  wide  variation  in  Pseudomonas  aeruginosa  data  suggests  that 
some  other  factors  may  be  causing  the  observed  fluctuations  in  the  Pseudomonas 
aeruginosa  density  within  the  bay. 

The  previously  discussed  figures  do  not  consistently  demonstrate  a  reliable  simple 
relationship  between  the  number  of  boats  in  an  embayment  and  the  bacterial  densities 
observed.  In  the  figures  which  do  suggest  a  relationship,  the  conclusion  is  confounded  by 
the  variance  of  the  background  results.  To  further  explore  the  existence  of  simple 
statistical  relationships  between  these  results  the  log  bacterial  densities  were  correlated 
against  the  number  of  boats  in  the  embayment  at  the  time  of  sampling.  Regressions 
were  carried  out  on  the  fecal  coliform  results  only,  since  the  MOE  Blue  Book 
recreational  water  quality  objective  is  formulated  in  terms  of  this  group  of  organisms. 
The  data  suggests  that  the  E.  coli  behaves  in  a  fashion  similar  to  the  fecal  coliform, 
suggesting  that  the  results  of  a  regression  would  be  similar  to  that  for  fecals.  The 
geometric  mean  densities  of  each  of  the  bacteria  species  was  correlated  against  the 
number  of  boats  present  in  each  embayment  at  the  time  of  sample  collection  in  an  effort 
to  determine  if  any  simple  statistical  relationship  existed  between  them. 
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The  results  of  the  regressions  carried  out  on  the  fecal  coliform  data  for  the  three 
embayments  are  shown  in  Figures  3.10  to  3.12.  To  determine  the  significance  of  the 
apparent  relationships,  the  slopes  were  tested  for  significant  difference  from  zero  and 
the  correlation  coefficients  were  tested  for  significance.  It  was  found  that  none  of  the 
slopes  was  significantly  different  from  zero.  This  implies  that  a  straight,  horizontal  line 
on  the  figures  represents  a  suitable  depiction  of  the  relationship.  That  is,  there  is  no 
statistical  relationship  between  the  two  parameters.  Similarly,  the  correlation 
coefficients  calculated  for  E.  coli  and  Pseudomonas  aeruginosa  were  also  found  to  be 
insignificant,  implying  that  the  bacterial  densities  and  boat  numbers  were  not  related. 

Based  on  simple  statistical  correlations  of  the  embayment  data,  it  appears  appropriate  to 
conclude  that  no  simple  relationship  exists  between  the  number  of  boats  and  the 
embayment  water  quality.  Notwithstanding  this,  the  data  for  Frying  Pan  Bay  clearly 
suggests  that  fecal  coliform  densities  increased  during  the  two  periods  of  sampling  and 
that  levels  exceeded  the  recreational  use  water  quality  guideline  at  certain  times. 

3.2.4       Embayment  Model  i 

The  statistical  treatment  described  above  attempted  to  account  for  all  the  variability  in 
the  embayment  water  quality  as  a  function  of  the  number  of  boats  alone.  That  is,  the 
effects  of  the  temporal  variation  of  the  background  bacterial  concentration,  the  natural 
die-off  of  bacteria,  the  exchange  associated  with  ambient  water  movements  into  and  out 
of  the  embayments  are  implied  by  the  above  statistical  procedures  to  be  insignificant.  In 
practice,  it  is  probable  that  they  are  important  in  some  situations.  To  account  for  the 
variability  of  bacteria  densities  in  relation  to  these  parameters  it  is  necessary  to  make 
estimates  of  their  effects.  This  can  be  done  through  exploratory  modelling  to  identify 
whether  or  not  they  play  an  important  role  in  determining  the  observed  embayment 
bacterial  densities. 

To  explore  the  relationship  between  boat  density  and  bacterial  water  quality  a 
deterministic  model  was  developed  relating  surface  water  quality  in  the  embayments  to 
the  volume  of  the  embayment,  the  background  bacterial  water  quality,  exchange  flow 
between  the  embayment  and  surrounding  waters,  bacterial  die-off,  and  bacterial  loadings 
due  to  boat  activities.  The  model  assumes  that  there  is  sufficient  energy  in  the  wind  and 
exchange  flow  to  induce  lateral  mixing  of  the  surface  water  within  the  basin  over  a 
period  of  several  hours.     This  assumption  is  born  out  by  the  drift  drogue  data  which 
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showed  net  movements  of  up  to  several  hundred  metres  over  the  course  of  a  few  hours. 
The  only  source  of  bacteria  within  the  embayments  was  assumed  to  be  the  boats.  This 
ignores  any  input  from  shore  based  activity,  other  water  based  sources  (e.g.,  water  fowl 
and  mammals)  and  sediment  bacterial  processes  which,  although  not  measured  in  this 
study,  are  known  to  be  non  zero.  Hence,  the  analysis  is  conservative  relative  to  the 
impact  of  boat  bacterial  loadings. 

The  form  of  the  model  is  as  follows: 

VdC/dt  =  Qe(Cb-C)-KVC  + L  (1) 

where:       C  is  the  concentration  of  bacteria  in  the  embayment  at  time  t 

(en  ts/ 100ml), 
dC/dt     is  the  change  in  concentration  of  bacteria  with  time  (cnts/100 

ml/day) 
V  is  the  volume  of  the  embayment  (m^) 

Cb  is  the  background  concentration  of  bacteria  (cnts/ 100ml) 

Qe  is  the  exchange  flow  (m^/day) 

K  is  the  first  order  bacterial  die-off  coefficient  (per  day) 

t  is  the  elapsed  time  (days) 

L  is  the  loading  of  bacteria  to  the  embayment  (cnts/day) 

Equation  (1)  may  be  solved  to  give  the  concentration  in  the  embayment  at  any  time  (t)  as 
a  function  of  the  parameters  in  the  model. 

The  model  was  applied  to  both  Frying  Pan  Bay  and  Lost  Bay  over  the  two  three  day 
sampling  periods  August  1,2,3  (Weekend  1);  and  August  8,9,10  (Weekend  2).  The  physical 
characteristics  of  volume  and  exchange  flow  were  estimated  from  nautical  charts  and 
qualitative  drogue  data  respectively.  Background  concentrations  were  assumed  to  be  as 
measured  during  each  of  the  daily  AM  and  PM  samplings.  A  value  of  0.25  per  day  was 
assumed  for  the  first  order  die-off  coefficient.  The  following  relationships  were  used  to 
relate  observed  boat  densities  to  an  equivalent  bacterial  loading: 
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log  cnts/ 100ml 


log  mean  grey  water  fecal  coliform  concentration 
over  all  boats  and  all  fixtures 


G.7k 


log  standard  error  of  grey  water  fecal  coliform 
concentration  over  all  boats  and  all  fixtures 


1.20 


cnts/ 100  ml 


geometric  mean  fecal  coliform  concentration  +  standard  error 
geometric  mean  -  fecal  coliform  concentration  -  standard  error 


8.8  X  10^ 
3J  X  10^ 


Boat 

Type 


Assumed 

Water  Use 

(i/c/day) 


Assumed 
No.  People 


Total  Water  Use 
(1/day) 


Sail 

16.6 

Power 

21.7 

Houseboat 

21* 

4 
4 
6 


66.4 

86.8 

126 


*  measured  value  of  was  6  1/c/day  but  was  thought  to  be  unreliable  as  discussed  in 
section  3.1.3  above,  21  1/c/day  is,  in  Beak's  estimate,  a  more  reasonable  estimate  of 
consumption  and  is  conservative  for  the  purposes  of  modelling. 

Using  the  above  estimates  of  fecal  coliform  density  (geometric  mean  +/-  standard  error) 
and  the  daily  estimates  of  water  use,  estimates  of  fecal  coliform  loadings  by  boat  were 
calculated  using  the  following  equation: 

bacterial  loading  =  (daily  water  use)  x  (bacterial  density) 
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3.10 


Eioat  Maximum  Load  Minimum  Load 


(cnts/day)  (cnts/day) 

Sail  5.8^x10^°  2.33x10^ 

Power  7.64  x  10^°  3.04  x  10^ 

Houseboat  LllxlO^^  4.42x10^ 

overall  maximum  load,  Lmax  (cnts/boat/day)  1.11  x  10 
overall  minimum  load,  Lmin  (cnts/boat/day)  2.33  x  10* 

Boat  densities  observed  in  Frying  Pan  Bay  and  Lost  Bay  at  approximately  08:00  hrs.  (AM) 
and  18:00  hrs.  (PM)  on  the  days  of  sampling  are  presented  as  follows: 

OBSERVED  BOATS 

Frying  Pan  Bay Lost  Bay 

Weekend  1  Weekend  2  Weekend  1  Weekend  2 


Sat            AM  20  21  12  10 

PM  25  23  22  28 

Sun           AM  26  25  24  26 

PM  27  15  24  6 

Mon          AM  36  10  24  3 

PM  14  12  12  7 

These  observed  boat  densities  were  combined  with  the  maximum  and  minimum  bacterial 
loading  estimates  developed  above  to  give  corresponding  ranges  of  daily  loading.  This 
analysis  is  generic  as  it  does  not  consider  variations  in  the  loading  which  would  be 
expected  because  of  differences  in  both  the  types  of  boats  present  in  the  embayments 
and  the  variations  in  number  of  people  f)er  boat  as  compared  to  the  greywater  bacterial 
characteristics  of  the  boats  in  the  onboard  portion  of  this  study.  The  loadings  were 
assumed  to  enter  the  embayment  water  within  a  short  fjeriod  of  time  around  the  period 
of  sampling.  This  is  a  reasonable  assumption  given  that  the  major  volumes  of  grey  water 
are  typically  generated  during  discrete  events  in  the  morning  and  evening.. 
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FIGURE      3-13 


FRYING  PAN  BAY,  AUGUST  1-3 
FECAL  COLIFORMS 
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FRYING  PAN  BAY,  AUGUST  8-10 
FECAL  COLIFORMS 
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FIGURE      3-14 
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LOST  BAY,  AUGUST  1-3 
FECAL  COLIFORMS 
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LOST  BAY,  AUGUST  8-10 
FECAL  COLIFORMS 
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Results  of  this  generic  modelling  cire  presented  in  Figure  3.13  for  Frying  Pan  Bay  and 
Figure  3.1'f  for  Lost  Bay.  In  each  figure  the  observed  fecal  coliform  densities  are 
compared  to  the  predicted  range  of  coliform  densities  resulting  from  the  observed  boat 
densities.  The  periods  of  simulation  in  each  case  were  extended  to  6  days.  Following  the 
last  sample  collection  on  Monday  evening  all  boats  were  assumed  to  leave  the  bays 
allowing  natural  exchange  and  bacterial  die-off  to  reduce  the  densities  towards 
background  levels.  This  was  done  to  examine  the  rate  of  recovery  within  the 
embayments. 

These  modelling  results  are  not  intended  to  suggest  that  these  are  the  events  that 
occurred  on  the  days  of  sampling.  Rather,  they  are  presented  to  show  the  cause  and 
effect  relationship  of  embayment  bacterial  water  quality  to  boat  loadings  under  the 
assumptions  used  in  the  model.  As  discussed  in  section  3.2.1  the  day  to  day  variability  in 
both  the  background  and  embayment  fecal  coliform  densities  prevents  any  statistically 
significant  conclusions  that  boats  affect  embayment  water  quality.  However,  the  results 
of  the  modelling  clearly  show  the  interactions  between  boat  bacterial  loadings, 
embayment  exchange  flow  and  embayment  bacterial  water  quality.  The  interaction  is 
barely  noticeable  using  the  minimum  loading  per  boat  (L  min.)  and  quite  noticeable  when 
I'.sing  the  maximum  loading  per  boat  (L  max.).  For  the  combination  of  the  observed 
numbers  of  boats  and  the  value  of  L  min.  the  total  loadings  to  the  embayments  are  not 
sufficient  to  bring  the  predicted  embayment  bacterial  concentration  much  above 
background.  Using  the  combination  of  the  observed  numbers  of  boats  and  the  value  of  L 
max.  the  predicted  embayment  bacterial  concentrations  are  sufficient  to  show  a  dynamic 
response  above  background  levels.  The  sharply  rising  spikes  in  predicted  concentration 
when  using  L  max.  are  due  to  the  assumption  of  pulse  loads  of  bacteria  associated  with 
onboard  activities  each  day  at  08:00  hrs.  and  18:00  hrs.  The  reduction  in  predicted 
concentrations  following  each  spike  is  due  to  the  combined  effects  of  dilution  by 
exchange  flow  and  bacterial  die-off. 

The  observed  fecal  coliform  data  for  Frying  Pan  Bay  and  Lost  Bay  generally  fall  between 
the  range  of  predicted  embayment  concentrations  resulting  from  the  observed  numbers 
of  boats  and  range  of  loadings  per  boat  (Lmax,  Lmin).  In  particular,  the  observed 
densities  in  Frying  Pan  Bay  during  both  surveys  and  in  Lost  Bay  during  the  first  survey 
agree  remarkably  well  in  terms  of  trend  over  the  three  days  of  the  survey  with  the 
predicted  values  using  the  assumed  maximum  loadings  per  boat  per  day  (Lmax). 
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Based  on  this  deterministic  analysis  of  the  interaction  between  embayment  water  quality 
and  boat  grey  water  loadings  it  is  apparent  that  grey  water  discharges  can  adversely 
affect  receiving  water  quality.  The  extent  of  the  effect  is  highly  site  specific  and 
depends  on  the  number  of  boats,  the  volume  of  the  embayment  and  the  extent  of  the 
exchange  flow  between  the  embayment  and  surrounding  waters.  In  the  present  study  the 
effects  of  grey  water  discharge  were  most  noticable  in  Frying  Pan  Bay  during  the  first 
sampling  on  the  August  1,  2,  3  holiday  weekend  because  of  the  relatively  small  volume  of 
the  bay  and  the  high  boat  useage.  Blind  channel  in  Pigeon  Lake  was  not  modelled 
because  of  the  three  embayments  studied  it  has  the  largest  volume,  least  boat  density, 
greatest  exchange  potential  with  the  surrounding  waters,  and  would  be  predicted  to  show 
little  effect.   The  survey  data  for  Blind  Channnel  confirms  this  conclusion. 

33         Quality  Assurance  and  Quality  Control 

3.3.1  General 

In  any  field  sampling  and  laboratory  analysis  project  of  the  type  described  herein  it  is 
important  to  measure  the  reliability  of  the  data  by  a  coherent  program  of  internal 
checks.  In  this  study  the  quality  assurance  and  quality  control  (QA/QC)  program 
consisted  of  a  series  of  triplicate  samplings  of  the  grey  water  and  embayment  waters  to 
determine  the  replicability  of  the  sampling  process,  and  a  laboratory  program  of  random 
duplicate  analyses,  and  taxonomic  verification  to  ensure  that  the  laboratory  analysis 
method  produced  repeatable  results  and  that  appropriate  organisms  were  identified. 

3.3.2  Triplicate  Analysis 

Approximately  5U  of  the  grey  water  samples  {2^%)  and  132  of  the  embayment  samples 
(33%)  were  triplicated  in  the  field.  The  results  of  the  primary  samples  and  the  triplicate 
analyses  were  compared  to  identify  if  any  biases  existed  in  the  field  sampling 
procedure.  The  log  (10)  results  for  each  set  of  triplicate  data  were  plotted  on  a  graph 
with  the  maximum  triplicate  result  as  the  ordinate  and  the  minimum  triplicate  as  the 
absissa  for  each  of  the  three  organisms  considered  in  the  study  (Figure  3.15  to  3.17). 

In  all  three  figures  it  is  apparent  that  there  are  two  distinct  groupings  of  data 
displayed.    The  lower  of  these  groups  corresponds  to  the  triplicates  carried  out  on  the 
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FIGURE      3-15 
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FIGURE      3-16 


o 
o 

E 

3 

£ 

X 

a 


O 


HT  LO  REPLICATE  PLOT 
E.  COLI 


Log  Minimum  Replicates 

o  Osservea  Data 


FIGURE      3-17 


C3 

o 

"E. 
E 

3 

E 

GO 

o 


HI  LO  REPLICATE  PLOT 
P.  AERUGINOSA 


10.0 


Log  Minimum  Replicates 

o  Observed  Data 


TABLE  3.9:         SAMPLING  AND  ANALYSIS  REPLICATE  REGRESSION  DATA 


Sampling  Replicate  Results 

Slope  Intercept  _r£ 

Fecal  Conforms  1.01  0.311  0.9^* 

E.  coll  1.02  0.331  0.94 

P  aeruginosa                .  0.987  0.463  0.92 

Analysis  Replicate  Results  , 

Fecal  Colifornns  1.00  0.145  0.99 

E.  coll  1.01  0.113  0.99 

P  aeruginosa  0.99  0.153  0.98 


embayment  samples  where  densities  were  lower  than  those  observed  in  the  grey  water 
samples.  The  grey  water  sample  triplicates  are  represented  in  the  higher  group  on  the 
two  figures.  The  lines  fitted  through  each  of  the  data  sets  shows  excellent  agreement 
with  the  data  in  both  the  high  and  low  groups  indicating  consistency  in  both  of  the 
ranges.  In  the  case  of  P  aeruginosa,  the  demarcation  between  the  grey  water  samples 
and  the  embayment  samples  is  less  distinct.  However,  a  good  fit  has  been  achieved  for 
the  line  in  this  figure  as  well,  indicating  good  agreement  between  triplicates. 

For  the  graphs  depicted  in  these  figures,  a  perfect  fit  of  the  replicate  data  would  result 
in  a  line  intercepting  the  origin  and  with  a  slope  of  1.0.  Departures  from  this  would 
indicate  the  presence  of  a  bias  in  the  analytical  results.  The  slopes,  intercepts  and 
correlation  coefficients  for  the  three  organisms  are  shown  in  Table  3.9.  In  each  case,  the 
slopes  are  sufficiently  close  to  unity  and  the  intercepts  to  zero  to  conclude  there  is  no 
sampling  bias.  Thus  analysis  procedure  was  repeated  for  the  internal  laboratory  quality 
control  replicates.  The  results  were  similar  and  indicate  that  there  was  no  analytical 
bias. 

3M  Taxonomy 

3AA       General 

Several  groups  of  intestinal  micro-organisms  have  been  used  as  indicators  of  fecal 
contamination  including  "fecal  streptococci"  and  "coliform"  bacteria.  The  coliform 
bacteria  are  the  most  commonly  used  indicator  of  fecal  contamination.  Coliforms  is  an 
operational  and  not  a  taxonomic  definition  and  is  defined  as  those  organisms  which  are 
gram  negative,  non-sporeforming  rods  that  ferment  lactose  to  add  and  gas  at  35°C 
within  ^8  hours.  This  definition  includes  E.  coli,  Citrobacter  and  other  related  genera 
such  as  Klebsiella  and  Enterobacter.  Fecal  coliform  has  the  same  definition  but  can 
ferment  lactose  to  add  and  gas  at  'f't.5°C  and  indudes  the  same  organisms.  Of  these,  E. 
coli  is  the  best  indicator  of  fecal  pollution  since  it  is  a  common  inhabitant  of  the  gut  and 
is  rarely  found  outside  the  gut  except  if  there  has  been  contamination  by  human  or 
animal  excreta.  E.  coli  also  dies  off  in  water  at  a  slightly  slower  rate  than  typical 
pathogens  (e.g..  Salmonella  typhi).  These  attributes  of  E.  coli  are  in  contrast  to  K. 
pneumoniae  and  C.  freundii  which  are  found  in  feces  but  are  also  commonly  isolated  from 
soils  and  sediments.  E.  aerogenes  is  a  normal  soil  inhabitant. 
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Pseudomonas  aeruginosa  is  a  common  soil  inhabitant  which  is  also  an  opportunistic 
pathogen  and  can  grow  at  temperatures  up  to  ^3°C,  whereas  other  non-pathogenic 
species  of  Pseudomonas  cannot.  It  is  often  associated  with  swimmers  ear,  urinary  and 
respiratory  tract  infections  as  well  as  systemic  infection  in  patients  that  have  received 
severe  burns.  Further,  Pseudomonéis  aeruginosa,  like  other  Pseudomonas,  carry 
resistance  to  many  antibiotics  which  makes  treatment  of  infected  patients  difficult. 
This  examination  of  waters  for  Pseudomonas  aeruginosa  is  done  for  health  and  safety 
reasons. 

There  are  many  streptococci  that  exist  in  the  digestive  system  such  as  Streptococcus 
fae calls  which  is  present  in  the  large  intestine  in  significant  numbers.  Thus  tliis  organism 
can  also  be  used  as  an  indicator  of  fecal  contamination  of  water.  However,  its  die  off 
rate  is  slower  than  E.  coli  and  thus  can  persist  in  water  after  contamination.  It  is 
therefore  best  to  use  this  indicator  in  conjunction  with  fecal  coliform  data  to  indicate 
the  source  and  relative  time  of  contamination  of  water  by  feces. 

Microbiological  analyses  were  carried  out  by  filtering  a  water  sample  and  then  placing 
the  filter  on  an  appropriate  selective/differential  medium.  The  individual  viable 
bacterium  trapped  on  the  surface  of  the  filter  grow  into  colonies  of  cells  if  they  can 
utilize  the  nutrients  provided.  After  sufficient  time  the  colonies  of  cells  that  have 
arisen  from  the  single  cell  become  visible  to  the  eye.  By  addition  of  certain  nutrients 
and  inhibitors,  only  those  organisms  that  can  utilize  those  nutrients  and  tolerate  those 
inhibitors  will  grow,  thus  the  media  is  termed  selective.  The  addition  of  dye  and 
indicators  helps  differentiate  physiological  groups  of  bacteria.  Further,  the  incubation 
température  and  atmosphere  composition  can  be  used  as  additional  selective 
mechanisms. 

If  the  bacterium  can  grow  on  the  medium  supplied  and  under  the  environment  provided  it 
will  form  distinct  colonies  which  will  exhibit  specific  colony  morphology  and 
pigmentation.  Similar  colonies  will  theoretically  be  associated  with  a  bacterial  species 
or  physiologically  similar  groups  of  organisms.  The  colonies  can  then  be  counted  or 
picked,  further  purified  and  then  identified  by  biochemical  analyses.  If  a  colony's 
characteristics  match  those  of  a  previously  identified  bacteria's  colony  formation  on  that 
medium,  it  can  be  called  a  typical  or  positive  (+)  colony  and  counted  as  that  organism 
(Appendix  A). 
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SM.?      Taxonomic  Results 

One  target  group  of  micro-organisms,  the  fecal  coliforms  (FC),  and  two  target  micro- 
organisms,  Escherichia  coli   (EC)  and  Pseudomonas  aeruginosa  (PA)  were  used  in  this 
study  to  gauge  the  impact  of  grey  water  discharge  on  receiving  waters.   To  determine  if 
the   positive   fecal   coliforms    (+FC)   were   "true"   fecal   coliforms    and    that    colonies 
identified  as  _E.  coli   (+EC)  and  P^  aeruginosa  (+PA)  were  E.  coli  and  P^  aeruginosa, 
respectively,  positive  colonies  were  picked  from  the  initial  6  on  board  samples  from  each 
fixture  from  each  boat  and  identified.    The  "+"  followed  by  two  letters  (e.g.,  EC  for  E. 
£on)  indicates  a  colony  that  matches  the  typical  colony  characteristics  of  that  organism, 
whereas,  the  "-"  indicate  a  non-typical  colony,  i.e.,  it  is  a  colony  that  does  not  match  the 
typical  colony  characteristics  of  that  organism  on  that  media.    The  organism  that  was 
identified  is  presented  under  the  appropriate  heading  in  Appendix  A. 

3.U.3       Coliform  Identification 

Typical  (+)  fecal  coliform  colonies  are  yellow,  yellow-brown  or  yellow-green  on  m-TEC 
media.  To  distinguish  E^  coli.  colonies  from  other  fecal  coliforms  the  filter  was 
transferred  from  the  m-TEC  media  to  a  urea  broth.  If  the  organism  possesses  the  urease 
enzyme  it  liberates  ammonia  from  urea  and  raises  the  pH.  This  change  in  pH  is  detected 
by  a  pH  indicator  in  the  urea  broth.  E.  coli  does  not  possess  the  urease  enzyme  and  so 
there  will  be  no  colour  change  around  the  colony.  Other  fecal  coliforms  are  typically 
urease  positive,  although  there  are  Klebsiella  sp.  that  are  urease  negative  and 
Citrobacter  often  has  delayed  response. 

Positive  and  negative,  fecal  coliform  and  E_.  coH  colonies  were  picked  and  further 
identified  by  a  Enterobacteriaceae  biochemical  test  strip.  Of  the  18  positive  fecal 
coliform  colonies,  only  li  (61%)  were  identified  as  fecal  coliforms.  Of  these  only  1  was 
identified  as  E^coH  and  the  remaining  10  as  K.  pneumoniae.  The  remaining  7  isolates 
were  identified  as  the  coliform  organism  Enterobacter.  Fifty  isolates  were  identified  as 
E.çon  based  on  a  negative  urease  response  but  only  3  (6%)  were  positively  identified 
using  biochemical  testing  as  E.  coU.  The  remaining  isolates  were  identified  as 
Enterobacter  sp.  (58%),  Citrobacter  sp.  (22%),  KlebsieUa  (8%),  and  other  non-coliforms 
(6%). 
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3.UA      Pseudomonas  aeruginosa 

Typical  positive  (+)  Pseudomonas  aeruginosa  populations  appear  as  tan  to  dark  brown 
colonies  on  m-PA  media  after  4S  hours  at  Ul.5°C.  Positive  identification  of  _P^ 
aeruginosa  involves  transferring  the  positive  colonies  to  skim  milk  agar  and  incubating  at 
35°C  for  l^i-Ui  hours.  P.  aeruginosa  mil  produce  a  blue-green  pigment  that  diffuses  into 
the  surrounding  medium  and  v/ill  fluoresce  when  exposed  to  UV  light.  There  will  be 
clearing  around  the  colony  due  to  caseinase  activity. 

The  agreement  between  a  typical  (+)  colony  on  m-PA  and  a  positive  identification  as  P. 
aeruginosa  on  skim  milk  agar  was  100%  with  48  of  the  ttS,  positive  colonies  identified  as 
P.  aeruginosa.  This  agreement  did  not  hold  for  the  colonies  tested  by  a  commercial 
biochemical  testing  strip.  Of  the  three  P^  aeruginosa  type  colonies  only  one  was 
identified  as  a  P^sp.  but  not  as  P.  aeruginosa.  The  two  negative  (non  P.  aeruginosa  like) 
colonies  were  not  identified  as  P.  aeruginosa.  However  the  test  strips  used  are  designed 
for  the  Enterobacteriaceae  and  commonly  misidentif  y  Pseudomonads. 

3.U.5      Summation  of  Taxonomic  Results 

The  question  arises  as  to  the  interpretation  of  the  FC,  EC  and  PA  counts  as  indicators  of 
fecal  contamination.  Identification  of  the  bacterial  isolates  show  few  E.  coli,  of  true 
fecal  origin,  versus  many  Klebsiella  pneumoniae,  which  can  be  of  fecal  origin  but  are  also 
commorJy  isolated  from  soils.  If  the  quality  of  grey  water  is  based  solely  on  fecal 
conform  counts  using  the  urease  test,  it  could  be  concluded  from  the  results  of  this  study 
that  these  waters  were  contaminated  with  fecal  matter.  However,  for  those  samples 
subjected  to  more  detailed  (selective)  analysis,  the  more  specific  taxonomic 
identification  of  the  urease  negative  fecal  coliforms  indicate  that  the  majority  of  fecal 
conforms  could  be  derived  from  other  non-fecal  sources.  It  should  be  noted,  however, 
that  P.  aeruginosa  is  an  opportunistic  pathogen  and  could  pose  a  health  risk  regardless  of 
origin. 

Although  all  testing  and  identification  of  the  colonies  was  conducted  by  standard 
procedures  as  outlined  by  the  MCE,  it  is  possible  that  the  selection  of  isolates  for 
identification  may  be  marginally  biased.  This  small  bias  could  be  introduced  in  the 
sampling  of  the  isolated  colonies  from  the  membrane  filter,  i.e.,  the  selection  of  colonies 
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lor  identification  may  not  have  been  totally  random.  Hence,  even  though  the  number  of 
isolates  taken  may  be  large,  the  averages  given  may  be  slightly  skewed. 

3A.6      Fecal  Streptococcus  Results 

The  results  of  the  taxonomic  analysis  described  above  (Section  3.4 J)  raises  the 
significant  question  of  whether  or  not  the  contamination  of  the  grey  water  and 
subsequently  of  the  embayments  themselves  is  of  fecal  origin.  From  the  taxonomic 
analysis  it  is  clear  that  many  of  the  organisms  identified  as  fecal  coliforms  by  the  urease 
test  do  not  confirm  as  being  of  fecal  origin.  This  implies  that  many  of  the  fecal  coliform 
organisms  may  originate  from  non-fecal  sources  and  thereby  may  not  represent  a  true 
indication  of  the  possibility  of  pathogenic  organisms.  To  further  study  the  possible 
presence  of  pathogenic  organisms,  the  Fecal  streptococcus  results  from  the  first  three 
grey  water  samples  from  each  boat  and  fixture  were  considered. 

The  MOE  Blue  Book  ("Water  Management,  Policies  Goals  and  Objectives  of  the  Ministry 
of  the  Environment",  May  1978)  describes  a  rule  of  thumb  whereby  some  indication  of  the 
origin  of  fecal  pollution  may  be  gained.  If  the  ratio  of  fecal  coliform  to  fecal 
streptococcus  is  greater  than  4.0,  it  is  considered  an  indication  of  pollution  of  human 
origin.  If  the  ratio  is  less  than  0.7,  human  origin  cannot  be  assumed.  Between  these  two 
rather  wide  values  no  conclusion  can  be  drawn.  However,  more  recent  work  by  MOE  has 
shown  the  use  of  this  method  is  cautionary  since  the  data  are  highly  variable  by  nature 
and  the  relative  ages  of  the  samples  can  affect  the  relationship  due  to  unequal  die-off 
rates  for  the  two  organisms.  Further,  the  number  of  Fecal  streptococcus  analyses  is 
limited  making  extrapolation  to  the  total  of  the  grey  water  samples  tenuous  at  best. 

The  results  of  the  fecêil  coliform  to  fecal  strep  ratio  should  be  viewed  with  further 
caution  since  it  presumes  that  the  fecal  coliform  are  confirmed  E.  coll  (i.e.,  of  fecal 
origin).  From  the  confirmatory  test  results  reported  previously,  some  doubt  exists  as  to 
the  robustness  of  the  conclusion  that  the  fecal  coliform  and  E.  coli  densities  observed  are 
demonstrably  fecal  in  origin.  If  a  large  proportion  of  the  bacteria  measured  as  fecal 
coliform  and  E.  coli  are  not  positively  identified  as  such,  then  the  results  of  the  ratio 
analysis  are  invalid.  The  results  nevertheless  are  offered  for  consideration. 
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The  ratios  were  calculated  for  each  sample  and  for  the  geometric  means  of  the  two 
strains  for  each  of  the  fixtures.  No  attempt  was  made  to  differentiate  between  boats 
(Table  3.10).   All  three  of  the  fixture  geometric  means  were  also  greater  than  4.0. 

3J  Marina  Pumpout  Capacity  Sirvey 

An  important  part  of  this  project  was  to  determine  the  effect  of  any  possible  regulatory 
action  regarding  grey  water  holding  upon  the  available  pumpout  facilities  in  the 
province.  To  fulfill  this  component  of  the  project,  a  survey  of  the  yacht  clubs,  marinas 
and  community  facilities  in  the  major  boating  areas  of  the  province  was  carried  out.  In 
Lake  Ontario,  Rideau  River,  Trent  System,  and  Southern  Georgian  Bay,  the  majority  of 
selected  sites  were  visited  in  person.  In  the  Lake  of  the  Woods  area  a  telephone  survey 
was  conducted.  A  total  of  98  sites  were  contacted  during  the  survey  and  a  questionnaire 
completed  on  each  site  (Appendix  B). 

Pumpout  locations  were  found  to  vary  widely  in  their  hours  of  operation  and  to  some 
degree  in  their  open  season.  In  general  they  are  open  for  4  to  12  hours  daily  from  May  to 
October.  Typically,  each  location  has  one  pumpout  hose  available  which  discharges  to  a 
holding  tank,  directly  to  sewer  or  to  a  tile  field.  In  the  case  of  those  locations 
discharging  to  a  holding  tank,  periodic  pumpouts  of  the  holding  tank  are  required.  These 
typically  vary  from  1  to  8  per  month.  The  number  of  boats  serviced  varied  from  5  to  160 
per  week.  In  areas  where  large  numbers  of  boats  were  serviced,  multiple  pumpout  hoses 
were  typically  available. 

The  principal  purpose  of  carrying  out  the  pumpout  survey  was  to  determine  the  available 
capacity.  The  capacity  of  a  single  pumpout  facility  is  a  function  of  the  pump  capacity, 
the  hours  of  operation,  the  size  of  the  holding  tank  if  applicable,  the  productivity  of  the 
attendants  and  the  time  required  to  maneuver  boats  into  and  out  of  the  facility.  In 
addition,  many  pumpouts  are  situated  adjacent  to  fueling  facilities,  and  pumpout  activity 
is  usually  carried  out  at  the  same  time  as  refueling  which  increases  the  time  each  boat  is 
tied  to  the  dock. 

The  size  of  the  holding  tank  to  which  the  waste  pump  discharges  is  a  restriction  on  the 
overall  capacity  of  the  facility  only  if  it  can  be  filled  with  a  normal  day's  operation.  In 
this  case,  the  facility  would  be  out  of  service  regularly.    This  is  not  the  case  for  most  of 
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the  facilities  surveyed.  Therefore,  holding  tank  capacity  is  not  a  strong  restriction  since 
capacity  is  restored  each  time  the  haulage  truck  arrives  and  evacuates  the  tank. 
Additional  pumpout  demand  would  precipitate  more  haulage  events.  For  those  facilities 
which  discharge  directly  to  sewerage  systems,  there  is  effectively  no  limitation  upon  the 
volume  of  pumpout  fluids  which  can  be  accommodated.  Approximately  12%  of  the 
pumpout  facilities  contacted  reported  that  they  discharge  to  tile  fields,  but  many  also 
reported  that  waste  was  hauled.  The  capacity  of  a  tile  field  is  a  true  limitation  on  the 
volume  of  pumpout  fluids  which  can  be  accommodated. 

Based  upon  the  above  discussion,  the  capacity  of  the  existing  pumpout  facilities  in  the 
province  is  more  a  function  of  the  number  of  boats  that  can  be  serviced  than  the  volume 
of  wastes  generated.  Accordingly,  the  number  of  boats  which  can  be  accommodated  at  a 
given  facility  with  one  hose  is  estimated  to  be  four  per  hour.  Because  of  the  demands 
upon  attendants'  time  for  refueling  and  other  marina  duties,  a  total  of  6  hours  per  day  of 
pumpout  activity  was  assumed.  These  assumptions  lead  to  an  estimate  of  the  available 
capacity  in  terms  of  boats.  The  number  of  boats  currently  being  serviced  represents  the 
portion  of  total  capacity  in  use.  The  difference  represents  the  un-used  capacity  of  the 
facilities.  Using  these  assumptions,  the  available  capacity  in  each  of  the  regions  was 
calculated  for  those  facilities  which  were  open  to  the  public. 

The  results  of  the  capacity  calculations  show  that  a  large  amount  of  the  installed 
capacity  is  not  utilized  (Figure  3.18).  Overall  usage  of  pumpout  facilities  varied  from 
13%  in  the  Lake  of  the  Woods  area  to  3^*%  in  the  southern  Georgian  Bay  area.  From  this 
analysis  it  appears  that  significant  additional  capacity  is  available  for  grey  water 
pumping. 

However,  based  on  the  measured  and  estimated  rates  of  grey  and  black  water  production 
and  assuming  that  grey  water  is  contained  in  onboard  tankage  sized  to  provide  the  same 
number  of  days  retention  as  the  black  water  tank,  then  the  pumpout  utilization  would 
increase  by  250  to  300  percent  over  present  levels.  This  would  increse  the  existing 
utilization  to  100  percent  in  the  southern  Georgian  Bay  area. 

It  should  be  noted  that  by  design  the  study  focussed  on  those  areas  in  the  province  with 
the  greatest  pleasure  boat  densities  and  hence  areas  with  the  best  coverage  of  pumpout 
facilities.    Other  areas  frequented  by  pleasure  boats  are  known  to  be  poorly  serviced  or 
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virtually  unserviced  (e.g.,  Northeast  Shore  of  Georgian  Bay,  North  Channel  of  Lake 
Huron  and  North  Shore  of  Lake  Superior).  Restrictions  on  Grey  Water  discharge  would 
severely  limit  recreational  boating  in  such  areas  unless  a  suitable  network  of  pumpout 
facilities  were  provided. 
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*J)  SUMMARY 

1.  The  data  collected  on  the  bacterial  densities  in  the  grey  water  samples  from  the 
pleasure  boats  and  in  the  embayment  samples  was  subjected  to  a  quality  control  and 
quality  assurance  procedure  which  indicated  that  the  results  were  not  subject  to  any 
sampling  or  analytical  bias.  Accordingly,  these  results  may  be  used  in  evaluating  the 
bacterial  quality  of  the  grey  water  and  the  effects  of  the  discharge  of  the  grey 
water  upon  the  embayment  receiving  waters  chosen  for  study. 

2.  The  Ministry  of  the  Environment  "Blue  Book"  containing  objectives  for  recreational 
water  use  states  that  a  potential  health  hazard  exists: 

o    "if  the  fecal  coliform  geometric  mean  density  for  a  series  of  samples  exceeds 

100  per  100  ml"; 
o     "when     pathogenic     organisms     (e.g.,     Pseudomonats     aeruginosa     ...)     can     be 

enumerated  and  frequently  isolated  from  the  water". 

3.  Based  on  the  results  of  MOE  standard  presumptive  test  procedures,  the  grey  water 
produced  by  the  use  of  the  galley  sink,  head  sink  and  the  shower  exhibits  high 
densities  of  fecal  coliforms,  E.  coli  and  Pseudomonas  aeruginosa.  Densities  were 
found  to  be  in  the  range  of  lo''  to  10°  organisms/100  ml  for  fecal  coliform  and  E. 
coli,  and  from  10^  to  10°  organisms/ 100  ml  for  Pseudomonas  aeruginosa. 

k.  However,  when  a  subset  of  the  bacteria  identified  as  E^  coli  using  standard 
presumptive  test  procedures  were  subjected  to  confirmatory  taxonomic  analyses, 
only  6  percent  of  the  subset  so  evaluated  were  confirmed  as  the  species  E.  coli. 
Assuming  the  results  of  the  confirmatory  analyses  are  representative  over  the  entire 
set  of  presumptive  tests,  only  a  small  percentage  of  the  fecéd  coliform  containing 
samples  identified  using  routine  presumptive  test  procedures  was  actually  of  fecal 
origin.  On  the  other  hand,  confirmatory  taxonomic  analyses  on  a  similar  subset  of 
bacteria  identified  as  positive  using  standard  presumptive  tests  for  Pseudomonas 
aeruginosa  resulted  in  100  percent  confirmation  of  this  species.  Again,  assuming  the 
results  of  the  confirmatory  analyses  are  representative  over  the  entire  set  of 
presumptive  tests  implies  that  the  P.  aeruginosa  are  actually  present. 


tiiOiiA  it,i 


5.  No  single  fixture  could  be  identified  as  being  consistently  higher  in  bacterial  density 
than  any  of  the  others.  However,  on  many  occasions,  the  galley  sink  densities  were 
the  highest.  Similarly,  no  single  type  of  boat  was  observed  to  exhibit  higher 
densities  than  either  of  the  other  boat  types  studied.  Crew  lifestyle  was  found  to  be 
a  significant  factor  in  the  overall  variability  of  grey  water  quality. 

6.  An  analysis  of  conventional  pollutants  (nutrients,  solids,  and  oxygen  demanding 
substances)  revealed  that  grey  water  from  all  three  fixtures  exhibited  high 
concentrations.  However,  because  of  relatively  small  volumes,  the  mass  loadings  of 
these  substances  were  small. 

7.  The  onboard  fresh  water  use  data  suggest  a  range  of  consumption  dependent  on 
lifestyle  and  available  potable  water  tankage.  Water  use  was  16.6  and  21.7  litres  per 
capita  per  day  (1/c/d)  for  the  sail  and  power  boats,  respectively.  The  observed  water 
use  in  the  house  boat  was  5.9  1/c/d.  However,  this  latter  value  was  thought  to  be 
significantly  low,  a  more  reasonable  estimate  being  in  the  order  of  21  1/c/d.  Black 
water  production  was  estimated  to  average  10  1/c/d. 

8.  Based  on  results  of  presumptive  testing,  fecal  coliform  concentrations  in  two  of  the 
studied  embayments,  Frying  Pan  Bay  and  Lost  Bay,  were  observed  to  rise  to  levels  in 
excess  of  the  MOE  Blue  Book  objectives  for  the  recreational  use  of  water  during  the 
summer  weekends  studied.  Significant  levels  of  P.  aeruginosa  were  observed  for  all 
three  embayments. 

9.  No  statistically  significant  simple  relationship  between  the  number  of  boats  in  an 
embayment  and  the  bacterial  density  of  any  of  the  three  bacterial  species  (FC,  EC, 
PA)  could  be  found  in  the  data  collected  in  this  survey.  However,  a  determirustic 
model,  simulating  the  inputs,  exchange  and  natural  die-off  kinetics  of  fecal 
conforms  indicated  that  the  observed  fecal  coliform  densities  in  the  embayments 
were  consistent  with  those  expected,  given  the  range  of  grey  water  bacterial 
loadings  possible  from  the  boats  present  at  the  time  of  sampling. 

10.  The  effects  of  grey  water  upon  the  bacterial  quality  of  embayment  waters  is  highly 
site  specific  In  small,  heavily  used  bays,  effects  can  be  observed.  In  larger,  less 
used  or  better  flushed  locations,  effects  cannot  be  observed. 
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11.  There  is  presently  excess  pumpout  capacity  along  the  major  recreational  waterways 
of  the  province.  Other  waterways  and  recreational  boating  areas  are  poorly  serviced 
(e.g.,  north  east  shore  of  Georgian  Bay,  Lake  Huron  North  Channel,  and  north  shore 
of  Lake  Superior).  Grey  water  retention  would  increase  the  volume  of  pumpouts  by 
250  to  300  percent.  This  would  bring  existing  pumpout  utilization  to  nearly  100 
percent  of  capacity  in  the  Southern  Georgian  Bay  area,  which  presently  has  the 
highest  utilization  of  the  areas  surveyed. 


U.3 


5J0  CONCLUSIONS 

1.  Data  from  the  study  indicate  that  few  of  the  fecal  coliforms  and  E.  coll  nneasured 
in  the  grey  water  are  likely  to  actually  be  of  fecal  origin. 

2.  Pseudomonas  aeruginosa  was  found  in  the  grey  water  at  both  the  presumptive  and 
taxonomic  levels  of  analysis,  and  was  also  found  using  presumptive  test  procedures 
in  the  receiving  waters,  both  in  the  test  embayments  and  control  sites.  It  is  a  known 
opportunistic  pathogen  which  is  described  in  the  MOE  "Blue  Book"  as  a  potential 
health  hazard  if  found  in  recreational  waters. 

3.  Grey  water  from  all  three  fixtures  exhibited  high  concentrations  of  conventional 
pollutants  (nutrients,  solids,  and  oxygen-demanding  substances).  However,  because 
of  the  relatively  small  volumes,  the  mass  loadings  of  these  substances  was  small. 

4.  Presumptive  analysis  of  the  grey  water  showed  that  the  fecal  coliform  count 
exceeded,  by  several  orders  of  magnitude,  the  MOE  "Blue  Book"  objective  for 
recreational  water  use  of  100  fecal  coliforms  per  100  mL  of  water.  Yet,  as  noted 
above,  taxonomic  analysis  indicated  that  only  a  small  percentage  of  the  fecal 
coliforms  in  grey  water  was  actually  of  fecal  origin.  However,  because  of  the  high 
concentrations  reported,  this  would  still  indicate  the  potential  for  some  fecal 
contamination  of  the  receiving  waters.  These  results  would  also  indicate  that  the 
existing  MOE  fecal  coliform  standard  may  not  be  appropriate. 

5.  If  it  should  be  decided  to  require  that  pleasure  boats  retain  grey  water  on  board,  it 
seems  likely  that,  along  the  major  recreational  waterways,  there  would  at  present  be 
adequate  pump-out  facilities  to  receive  it.  However,  in  areas  with  few  pump-out 
facilities  (e.g.  north-east  Georgian  Bay,  North  Channel  and  Lake  Superior),  it  would 
be  necessary  for  new  pump-out  facilities  to  be  established. 
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TAXONOMY  DATA 


Page  No. 
08/3B/8T 


Ryan  Analytical  Services 
HOE  -  Grey  Water  Project  1987 
Deak  Consultants  Ltd. 
Bacterial  Isolates  Identification 


Tube/  Date 

Plate  Isolated  Target 
No.  mmddyy   Organism 


21 

980387 

+PA 

22 

989387 

-PA 

23 

980387 

+  PA 

24 

980387 

-PA 

25 

980387 

+PA 

1 

080487 

+FC 

2 

B80487 

+PC 

3 

980487 

+FC 

4 

080487 

+FC 

5 

989487 

+FC 

6 

080487 

+  FC 

7 

980487 

tFC 

8 

080487 

-FC 

9 

980487 

-FC 

le 

•080487 

-PC 

11 

080487 

+FC 

12 

080487 

-PC 

13 

080487 

♦  FC, 

14 

080487 

+FC 

15 

080487 

♦  FC 

16 

080487 

+FC 

17 

989487 

+FC 

18 

980487 

+FC 

19 

080487 

-FC 

29 

080487 

-PC 

32 

080787 

♦  FC 

33 

080787 

♦  FC 

34 

080787 

♦FC 

35 

980787 

♦  FC 

51 

980787 

♦  FC 

36 

080887 

♦  EC 

37 

080887 

♦EC 

38 

080887 

♦  EC 

39 

080887 

♦  EC 

40 

080887 

♦  EC 

41 

980987 

♦  EC 

42 

080987 

♦  EC 

43 

080987 

♦  EC 

44 

080987 

♦  EC 

45 

080987 

♦  EC 

1 

081087 

♦  PA 

2 

081087 

♦  PÀ 

3 

081087 

♦  PA 

4 

981087 

♦  PA 

5 

081087 

♦  PA 

E-Il  Code 

Organism 

/Media 

Identified 

00001 

P  cepacia 

00003 

A  Iwoffli 

21043 

C  freundii 

03043 

A  anltratus 

00141 

A  anitratus 

34361 

K  pneunonlae 

34363 

K  pneumoniae 

32163 

E  cloacae 

34363 

K  pneumoniae 

24373 

K  pneumoniae 

32560 

E  coll 

34373 

K  pneumoniae 

00141 

A  anitratus 

00141 

A  anitratus 

■00141 

-A  anitratus 

22163 

E  cloacae 

00141 

A  anitratus 

20165 

E  agglomerans 

34763 

K  oxytoca 

32173 

E  cloacae 

32173 

E  cloacae 

34563 

K  oxytoca 

22163 

E  cloacae 

00143 

A  anitratus 

32063 

E  cloacae 

34172 

K  pneumoniae 

34361 

K  pneumoniae 

34163 

K  pneumoniae 

32361 

E  cloacae 

22161 

E  cloacae 

30165.-.. 

K   agglomerans 

32361 

E  cloacae 

32161 

E  cloacae 

32165 

S  llquefaciens 

32161 

E  cloacae 

22161 

E  cloacae 

20173 

C  freundii 

22163 

E  cloacae 

20163 

C  freundii 

22171 

E  cloacae 

Hllk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa? 

Milk  ag 

V   aeruginosa 

Milk  ag 

P  aeruginosa 

Hllk  ag 

P  aeruginosa 

Page  No. 
68/39/87 


Ryan  Analytical  Services 
HOE  -  Grey  Ua toe  Project  1S87 
Beak  Consultants  Ltd. 
Bacterial  Isolates  Identification 


Tube/  Date 

Plate  Isolated  Target 
No.   mnddyy       Organism 


6  081087 

7  081087 

8  081087 

9  081087 

10  081087 

11  081087 

12  081087 

13  081087 

14  081087 

15  081087 

16  081087 
48  081087 

47  081087 

48  081087 

49  081087 

50  081087 

17  081187 

18  081187 

19  081187 

20  081187 

21  081187 

22  081187 

23  081187 

24  081187 

25  081187 

26  081187 

27  081187 

28  081187 

29  081187 

30  081187 

31  081187 

32  081187 

51  081187 

52  081187 

53  081187 

54  081187 

55  081187 

56  081287 

57  081287 

58  081287 

59  081287 

60  081287 

61  081287 

62  081287 

63  081287 


■fPA 

+PA 

+PA 

+PA 

+  PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+EC 

+EC 

+EC 

+EC 

+EC 

+PA- 

+PA 

+PA 

+PA, 

+PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+PA 

+-PA 

+PA 

+PA 

+EC 

+EC 

+EC 

+  EC 

+  EC 

+-EC 

+EC 

+  EC 

4  EC 

tEC 

+  ÈC 

+  EC 

♦  EC 


E-II  Code 

Organism 

/Media 

Identified 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa? 

Milk  ag 

P 

aeruginosa? 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

30560 

E 

coll 

36173 

K 

pnettffionlae 

22161 

E 

cloacae 

31360 

C 

freundli 

32171 

E 

cloacae 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Milk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

Hilk  ag 

P 

aeruginosa 

32163 

E 

cloacae 

00041 

A 

anitratus 

36560 

E 

coli 

31161 

C 

freundli 

32371 

E 

cloacae 

200143 

E 

agglomerans 

321633 

E 

cloacae 

36363 

K 

pneumoniae 

32163 

E 

cloacae 

32541 

E 

sakazakii 

34777 

K 

oxytoca 

32157 

E 

cloacae 

32177 

????? 

Page  No. 
88/30/87 


Ryan  Analytical  Services 
HOE  -  Grey  Water  Project  1987 
Deak  Consultants  Ltd. 
Bacterial  Isolates  Identification 


Tube/   Date 

Plate  Isolated  Target 
No.   nunddyy       Orqanlsn 


64 

081287 

+  BC 

65 

081287 

*EC 

66 

081287 

+  EC 

67 

081287 

+EC 

68 

081287 

+EC 

69 

081287 

tEC 

70 

081287 

+EC 

71 

081287 

+EC 

72 

081287 

+EC 

73 

081287 

+EC 

74 

081287 

+EC 

75 

081287 

+EC 

76 

081287 

+EC- 

77 

081287 

+EC 

78 

081287 

+EC 

79 

081287 

+EC 

80 

081287 

+EC 

84 

081287 

+PA 

85 

081287 

+PA 

86 

081287 

+PA 

87 

081287 

+PA 

88 

081287 

+PA 

89 

081287 

+PA 

90 

081287 

fPA 

91 

081287 

+PA 

92 

081287 

+PA 

93 

•081287 

+PA 

94 

081287 

+PA 

95 

081287 

+PA 

96 

081287 

+PA 

97 

081287 

+PA 

98 

081287 

fPA 

99 

081287 

+PA 

81 

081387 

4-EC 

82 

081387 

+  EC 

83 

081387 

♦  EC 

84 

081387 

+  EC 

85 

081387 

+EC 

E-II  Code 

Organism 

/Media 

Identified 

30173 

C  freundli 

32173 

C  freundli 

32163 

E  cloacae 

32161 

E  cloacae 

30561 

C  amaloniticus 

30561 

C  amaloniticus 

32163 

E  cloacae 

24363 

K  pneumoniae 

32363 

E  cloacae 

32160 

C  freundli 

321W  — 

• E  cloacae 

32163 

E  cloacae 

32163 

E  cloacae 

32143 

E  cloacae 

32573 

C  amaloniticus 

32540 

E  coll 

32163 

E  cloacae 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

-P  aeruginosa 

Milk  ag 

P  aeruginosa 

-Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

Milk  ag 

P  aeruginosa 

32163 

E  cloacae 

31163 

C  freundli 

32163 

E  cloacae 

30560 

E  coll 

32163 

E  cloacae 

APPENDIX  B 


PUMPOUT  SURVEY  RESULTS 
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